The stomach-derived hormone ghrelin interacts with key CNS circuits regulating energy balance and body weight. Here we provide evidence that the central ghrelin signaling system is required for alcohol reward. Central ghrelin administration (to brain ventricles or to tegmental areas involved in reward) increased alcohol intake in a 2-bottle (alcohol/water) free choice limited access paradigm in mice. By contrast, central or peripheral administration of ghrelin receptor (GHS-R1A) antagonists suppressed alcohol intake in this model. Alcohol-induced locomotor stimulation, accumbal dopamine release and conditioned place preference were abolished in models of suppressed central ghrelin signaling: GHS-R1A knockout mice and mice treated with 2 different GHS-R1A antagonists. Thus, central ghrelin signaling, via GHS-R1A, not only stimulates the reward system, but is also required for stimulation of that system by alcohol. Our data suggest that central ghrelin signaling constitutes a potential target for treatment of alcohol-related disorders.
G
hrelin, first isolated from the rat stomach (1), has emerged as an important gut-brain signal for the control of energy balance and body weight homeostasis (2, 3) . Early studies in rodents revealed an orexigenic role for ghrelin (4) . Subsequently a physiological role for ghrelin in hunger, appetite, and meal initiation was proposed on the basis of the preprandial rise in plasma ghrelin levels in human subjects that correlated with hunger scores (5) . In rodents, chronic exposure to ghrelin increases fat mass (2) . Crucial experiments demonstrating the pro-obesity role for endogenous ghrelin include models of suppressed ghrelin signaling such as genetic deletions of ghrelin (6, 7) and/or its receptor (GHS-R1A) (8) (9) (10) .
In addition to its expression in the hypothalamus, GHS-R1A is present in the hippocampus and in specific areas of importance for reward, such as the ventral tegmental area (VTA) and laterodorsal tegmental area (LDTg) (11) . This distribution is in line with findings that ghrelin's central actions extend beyond energy homeostasis. Consistent with this, ghrelin injection into the VTA, an important node in the mesolimbic dopaminergic reward circuit, increases food intake in rodents (12) . Recently we showed that, in addition to its well-described hypothalamic effects, ghrelin activates a key mesolimbic reward circuit involved in natural and druginduced reinforcement, the cholinergic-dopaminergic reward link (13) (14) (15) , findings that have been corroborated and extended by others (16) . Specifically we showed that ghrelin increases accumbal dopamine release and also the associated locomotor stimulation, parameters that reflect an activation of the mesolimbic reward circuit (13, 14) . By this route, ghrelin may increase the incentive value of signals associated with motivated behaviors of importance for survival such as food seeking (13) (14) (15) 17) .
A variety of human studies suggest that common neurobiological mechanisms underlie different forms of addictive behaviors, including compulsive overeating, pathological gambling, alcoholism, nicotine dependence, and other forms of chemical addiction (18, 19) . Given the hyperghrelinemia associated with certain forms of compulsive overeating (20) and also with alcohol dependence (21, 22) , we hypothesize that a common mechanism, involving the central ghrelin signaling system, underlies the pathophysiology of these diseases. In the present article, we investigated whether the central ghrelin signaling system is required for alcohol reward. or i.p.) Reduced Alcohol Intake in C57BL/6 Mice. Central administration of ghrelin (2 g i.c.v.) to C57BL/6 mice increased alcohol consumption by 16.59% relative to vehicle treatment in a 2-bottle (alcohol/water) free choice limited access paradigm (Fig. 1A) . Alcohol consumption was unaffected by central injection of a lower dose (1 g i.c.v.) of ghrelin (1.42 Ϯ 0.13 g/kg/90 min) compared to vehicle (1.29 Ϯ 0.12 g/kg/90 min). Given that tegmental areas involved in reward appear to be responsive to ghrelin (14, 15) , we sought to determine whether ghrelin's central effects on alcohol consumption are exerted at these sites. We found that bilateral administration of ghrelin into either the VTA or the LDTg also increased alcohol consumption in comparison to vehicle controls (43.54 and 45.83%, respectively, Fig. 1 B and C, respectively) . The percentage increase in alcohol consumption was significantly greater following administration to the VTA or the LDTg compared to the i.c.v. route (i.c.v. vs. VTA: P Ͻ 0.0001 and i.c.v. vs. LDTg: P Ͻ 0.001). Water intake and total fluid intake were not affected by ghrelin treatment when administered by any of these routes. As expected, food intake (normal chow) was increased by i.c.v. ghrelin administration in comparison to vehicle administration (0.57 Ϯ 0.14 g and 0.22 Ϯ 0.09 g, respectively, P Ͻ 0.05). Food intake was not affected by bilateral ghrelin administration into either the VTA (vehicle 0.28 Ϯ 0.09 g; ghrelin 0.20 Ϯ 0.003 g) or the LDTg (vehicle 0.27 Ϯ 0.01 g; ghrelin 0.35 Ϯ 0.11 g). The effects of i.c.v. ghrelin on both alcohol intake and food intake were absent in GHS-R1A knockout mice but not in wild-type littermates [supporting information (SI) Table S1 ], indicating that GHS-R1A is required for ghrelin-induced alcohol intake. Indeed, any apparent difference between the genotypes in the response to vehicle treatment did not give a statistical difference (P Ͼ 0.05). Likewise there was no difference in spontaneous alcohol intake between the genotypes in untreated mice measured during the weeks before treatment (average alcohol intake in the limited access paradigm: wild type 0.90 Ϯ 0.07 g/kg/90 min; heterozygote 0.82 Ϯ 0.06 g/kg/90 min; homozygote 0.99 Ϯ 0.09 g/kg/90 min).
Consistent with the genetic model of suppressed ghrelin signaling, alcohol intake in the 2-bottle (alcohol/water) free choice limited access paradigm was suppressed in C57BL/6 mice by both of the GHS-R1A antagonists tested, BIM28163 (delivered i.c.v.; Fig. S1 A) and JMV2959 (delivered i.p.; Fig. 1D ). Because of new ethical permission, the limited access paradigm used to test JMV2959 used a modified protocol, which is likely to have influenced the spontaneous alcohol consumption in the control group, which was up to 3 times lower than for all other studies ( Fig. 1 A-D, Fig. S1 A) . The reduction of alcohol intake by JMV2959 treatment was significant on days 1, 3, 4, and 5 [P ϭ 0.002, P ϭ 0.004, P ϭ 0.02, P ϭ 0.01; F (1, 28) ϭ 15.68, P ϭ 0.001]. BIM28163 increased food intake by 71% (P Ͻ 0.05) as reported previously (23) and increased water intake by 28% (P Ͻ 0.05), but did not affect total fluid intake. Water intake, total fluid intake, and food intake were not influenced by JMV2959 during the 90-min period of alcohol access (data not shown). However, in line with its anorexigenic properties (24) , JMV2959 reduced 24-hour food intake by 12.5% on average over the 5 subsequent treatment days compared to vehicle controls (2.50 Ϯ 0.06 g and 2.86 Ϯ 0.06 g, respectively, P Ͻ 0.01).
The Rewarding Properties of Alcohol, as Determined by AlcoholInduced Locomotor Stimulation and Increased Accumbal Dopamine Release, Are Reduced in Pharmacological and Genetic Models of Suppressed Ghrelin Signaling. First, in Naval Medical Research Institute (NMRI) mice, we investigated the rewarding properties of alcohol by tests of alcohol-induced locomotor stimulation and, in separate studies, by measurement of alcoholinduced enhanced extracellular accumbal dopamine overf low (a measure ref lecting synaptic dopamine release). We found that both parameters were consistently attenuated by both GHS-R1A antagonists: JMV2959 (Fig. 2 A and B) and BIM28163 ( Fig. S1C and Fig. S1B ). In line with the pharmacological models of suppressed ghrelin signaling, the locomotor stimulation and increased dopamine release induced by peripheral injection of alcohol observed in wild-type mice were abolished in both heterozygous and homozygous GHS-R1A knockout mice ( The alcoholinduced conditioned place preference (CPP) response in models of suppressed ghrelin signaling was also used to demonstrate that the central ghrelin signaling system is required for the rewarding properties of alcohol. We found that the alcohol-induced CPP is reduced in genetic and pharmacological models of suppressed ghrelin signaling (Fig. 2 E-G) . Alcohol induced a CPP response in wild-type littermate mice, but not in GHS-R1A knockout mice (Fig. 2G) . Furthermore, both GHS-R1A antagonists, JMV2959 (Fig. 2E ) and BIM28163 (Fig. 2F) , completely abolished the alcohol-induced CPP response in NMRI mice. Similarly, pretreatment with JMV2959 before alcohol each conditioning day suppressed alcohol-induced CPP. Moreover control experiments show that JMV2959, in this model, does not condition a place preference per se. Thus, the alcohol-induced CPP was attenuated by repeated i.p. injections of the GHS-R1A antagonist, JMV2959, in NMRI mice [F (3, 42) ϭ 4.02, P ϭ 0.01]. An alcohol-induced CPP in mice pretreated with vehicle (11.24 Ϯ 2.55%; n ϭ 14) was obtained compared to vehicle-vehicle treatment (Ϫ5.80 Ϯ 3.72%; n ϭ 8; P Ͻ 0.01); pretreatment with JMV2959 on each conditioning day blocked this stimulation (Ϫ3.52 Ϯ 4.11%; n ϭ 16; P Ͻ 0.01). No significant difference was observed between vehicle-vehicle and JMV2959-alcohol treatment. No effect of JMV2959 was observed per se (Ϫ1.59 Ϯ 7.15%; n ϭ 8).
Control experiments showed that neither cannula insertion, i.p. injection, volume infused nor the GHS-R1A antagonist per se had any effect on locomotor activity ( ) or into specific tegmental areas increased whereas a GHS-R1A antagonist (i.p.) decreased alcohol intake in C57BL/6 mice. In a 2-bottle (alcohol/water) free choice limited access paradigm in C57BL/6 mice ghrelin increased alcohol intake (g/kg/90 min) relative to the vehicle treatment when administered into (A) the third ventricle (n ϭ 23 in both groups; **, P Ͻ 0.01, paired t test), (B) bilaterally into the VTA (n ϭ 5 for vehicle and n ϭ 7 for ghrelin; **, P Ͻ 0.01, unpaired t test), or (C) bilaterally into the LDTg (n ϭ 6 for vehicle and n ϭ 5 for ghrelin; *, P Ͻ 
Discussion
We provide evidence that central ghrelin signaling is required for the rewarding properties of alcohol. While previous studies have identified the mesolimbic dopaminergic reward system as a target for alcohol (25) and for ghrelin (13) (14) (15) (16) our finding that the central ghrelin signaling system is required for the rewarding properties of alcohol is entirely unique. First, we show that central administration of ghrelin into the third ventricle and into specific tegmental areas of importance for reward (the VTA or LDTg) increases alcohol intake in a limited access paradigm in C57BL/6 mice and that peripheral or central administration of GHS-R1A antagonists reduces alcohol intake in this model. In different models of reduced ghrelin signaling, GHS-R1A knockout mice and mice treated pharmacologically with 2 different GHS-R1A antagonists, we have been able to suppress welldocumented effects of alcohol on the mesolimbic reward system, namely alcohol-induced locomotor stimulation and alcoholinduced accumbal dopamine release (26, 27) . These effects of alcohol, considered to form part of the addiction process, are intimately associated with its reinforcing properties (28) . Furthermore, our finding that CPP for alcohol is similarly suppressed by both a deletion of the GHS-R1A gene (i.e., GHS-R1A knockout) and by GHS-R1A antagonist treatment, administered to mice either during conditioning or on the test day, therefore, provides compelling evidence that disruption of ghrelin signaling blocks the rewarding properties of alcohol. Collectively our data provide a clear indication that the central ghrelin signaling system, via GHS-R1A, is required for the rewarding properties of alcohol and hence, provides a unique target for the development of drug strategies to treat alcohol-related disorders. In contrast to the modest energy balance phenotype in GHS-R1A knockout mice (7, 9), we demonstrate a rather dramatic ''nonreward'' phenotype insofar as both the locomotor stimulating and dopamine releasing effects of alcohol are completely abolished in both GHS-R1A knockout and heterozygote mice. Thus, both copies of the GHS-R1A allele appear to be required for alcohol-induced reward.
Given the established role for central ghrelin signaling in the regulation of feeding (3, 4) , it was important to demonstrate that ghrelin-induced alcohol intake is driven by reward and independent of the caloric value of alcohol. In the CPP procedure, mice are conditioned to associate an environment with alcohol exposure. Preference for a previously alcohol-associated compartment in the absence of alcohol itself is an established measure of drug reward (29) and is unlikely to be influenced by changes in feeding motivation or the caloric content of alcohol. Because one of the GHS-R1A antagonists, BIM28163, paradoxically increases rather than suppresses feeding, but still blocks alcoholinduced CPP, strengthens our hypothesis that suppression of ghrelin signaling interferes with the rewarding properties of alcohol and not its calorific value. Interestingly in a chronic model of alcohol exposure GHS-R1A knockout mice did not differ from wild-type mice regarding their spontaneous intake of alcohol. It seems reasonable to suggest that this reflects the recruitment of compensatory mechanisms in the GHS-R1A knockout mice, as suggested previously to explain why these mice are not lean and have normal spontaneous food intake (7) as demonstrated also in the present study. While compensatory mechanisms may be important in these chronic alcohol/food consumption protocols, they do not appear to influence the acute effects of alcohol. This is evidenced by the fact that alcohol-induced locomotor stimulation, dopamine release, and the CPP response were similarly attenuated/blocked in genetic and pharmacological models of suppressed ghrelin signaling.
Both of the GHS-R1A antagonists used in the present study blocked alcohol-induced effects on the mesolimbic dopamine system and also inhibited alcohol intake. Validation using 2 different GHS-R1A antagonists in these models was important because of their different pharmacological profile with respect to food intake. Whereas JMV2959 suppresses food intake by a GHS-R1A agonist (hexarelin) as expected (24, 30) , BIM28163 paradoxically stimulates food intake (23) via an unknown mechanism that is likely to be independent of GHS-R1A and also independent of ghrelin signaling at the level of the mesolimbic dopaminergic system. Our demonstration that both GHS-R1A antagonists block alcohol intake in a free-choice limited access paradigm together with the absence of ghrelin-induced alcohol consumption in GHS-R1A knockout mice suggests that endogenous ghrelin signaling via GHS-R1A is required for the rewarding properties of alcohol. Because this receptor is constitutively active in the absence of ligand (31), it is not known to what extent alcohol reward is dependent on signaling by endogenous ghrelin. Finally, our data showing similar effects of 2 different antagonists given by central or peripheral administration indicate that neither the chemical nature of these antagonists nor the route of administration is important for their central effects on alcohol reward.
To study the impact of ghrelin on alcohol consumption, our studies involved central administration, either by the i.c.v. route or given directly into the VTA or the LDTg that express GHS-R1A (11). Previously we have shown ghrelin-induced accumbal dopamine release that is coupled with increased locomotor activity when administered via these routes (14, 15) . We opted for central rather than peripheral studies of ghrelininduced alcohol consumption to circumvent diverse peripheral effects of ghrelin and also to focus on well-defined central ghrelin-responsive circuits. It seems likely that peripherally administered ghrelin will have similar effects on alcohol reward as we have previously shown that systemic ghrelin treatment also increases accumbal dopamine release, increases locomotor activity, and induces a CPP response (32) . In contrast to our data for central ghrelin administration, another study did not observe a similar increase in alcohol consumption when ghrelin was administered peripherally (33) . The most likely explanation for the discrepancy relates to the protocol. Whereas we used mice that were exposed to the free choice (alcohol/water) limited access paradigm over a period of 9 weeks before the study, Lyons and colleagues (33) used mice relatively naïve to alcohol and offered only 20% alcohol to drink. It may be that the central ghrelin signaling system is important for alcohol consumption in alcohol habituated animals rather than those that are alcohol naïve.
The exact circuitry through which ghrelin modulates alcohol reward remains to be further elucidated. Appetite regulation by peripheral ghrelin is exerted, at least in part, through activation of hypothalamic receptors (8) . In addition, human functional imaging studies have recently shown that peripheral ghrelin administration modulates brain responses to food images in several extrahypothalamic brain regions, including mesolimbic and tegmental areas associated with reward (34) . It is unclear whether these extrahypothalamic ghrelin actions are downstream, or parallel and independent of hypothalamic GHS-R1A activation. Irrespectively, the hypothalamus is unlikely to mediate ghrelin modulation of alcohol reward, because ghrelin microinjections into discrete hypothalamic areas do not affect alcohol intake (35) . Given that GHS-R1A is also expressed in several extrahypothalamic brain areas, including areas of importance for reward (the VTA and the LDTg) (11) and that local ghrelin injection into these structures increases alcohol intake it seems likely that it is ghrelin signaling within these reward nodes that is important for the rewarding properties of alcohol. Ghrelin-induced alcohol consumption was significantly lower for i.c.v. in comparison to tegmental administration, even although the dose administered was identical, indicating that the amount of ghrelin reaching these tegmental areas is likely to be lower when ghrelin is given i.c.v. The fact that we obtained a similar magnitude of alcohol-drinking response for intra-VTA and intra-LDTg administration supports the idea that activation of GHS-R1A in both tegmental areas contribute to the effect. We have previously shown that peripheral, i.c.v., and tegmental (VTA and LDTg) ghrelin administration increases dopamine release in the nucleus accumbens (13, 14, 32) , a terminal area of these projections, and stimulates locomotion, an established functional marker of mesolimbic dopaminergic activation (26) (27) (28) . These observations, together with the ability of nicotinic cholinergic antagonists to block ghrelin-induced activation of mesolimbic dopaminergic activity (15) , suggests that ghrelin's effects to increase the incentive value of alcohol are exerted at the level of the VTA and the LDTg involving the cholinergicdopaminergic reward link (13) (14) (15) . It should be noted that GHS-R1A transcript expression is colocalized with the dopamine cell marker tyrosine hydroxylase (16) . This suggests that dopamine neurons themselves express GHS-R1A and that their activity might be directly modulated by ghrelin. Consistent with this model, ghrelin has also been shown to increase the incentive value of cocaine (36, 37) . Direct ghrelin actions on VTA neurons would require that peripheral ghrelin signals reach the CNS, because it is not yet clear that ghrelin is expressed centrally. Supportively, an active transport for acetylated ghrelin across the blood-brain barrier has indeed been described (38) and peripheral ghrelin injection activates the reward systems (32) .
There are indications that the present findings may be of clinical relevance in alcohol-related disorders. In particular, alcohol craving in alcohol-dependent individuals, is associated with increased circulating levels of ghrelin (39, 40) . Furthermore, SNPs and haplotypes in the pro-ghrelin and GHS-R1A genes have been associated with heavy alcohol consumption (41) . Our data showing the importance of the central ghrelin signaling system at the level of the cholinergic-dopaminergic reward link for ghrelin-induced alcohol intake, provide an explanation for this effect and raise the possibility of a causal role for ghrelin in alcohol craving. Moreover, by increasing the incentive value of rewards such as alcohol, hyperghrelinemia may play a pathophysiological role in the disease process that leads to addiction. Reports of increased ghrelin levels during alcohol withdrawal and positive associations between ghrelin levels and alcohol dependence support the notion that the present findings are of clinical relevance (21, 22) . Interestingly, it has been suggested that the high ghrelin levels in alcohol withdrawal may cause food-seeking behavior and increase the intake of high caloric food (42) . Conversely, chronic food deprivation, a state associated with hyperghrelinaemia (43) is known to increase drugseeking behavior in rats (44) . These interactions between feeding and alcohol would be consistent with ghrelin's effects at the level of the mesolimbic reward system. Previously we identified the cholinergic-dopaminergic reward link as an important target for ghrelin's central effects (13) (14) (15) 32) , a circuit intimately associated with the reinforcing properties of rewarding substances that include both artificial rewards like alcohol and natural ones like food.
In conclusion, using genetic and pharmacological models of suppressed ghrelin signaling, we demonstrate that the central ghrelin action, via GHS-R1A, not only stimulates the reward system but is also required for stimulation of that system by an addictive drug, alcohol. In particular, the finding that alcohol intake can be suppressed by administration of a GHS-R1A antagonist implies that orally bioavailable, brain penetrant GHS-R1A antagonists may have therapeutic potential in alcohol use disorders. Our studies also raise important questions regarding the physiological role of ghrelin, a gut-brain signal, influencing not only hunger but clearly also having a broader role in the search for rewarding substances such as alcohol.
Materials and Methods
Further details of all experimental protocols and statistic analysis are given in the SI Text.
Animals.
The results from experiments on 3 different strains of adult mice have led to similar conclusions in this study: NMRI, C57BL/6, and GHS-R1A knockout and littermate mice. GHS-R1A knockout mice on a mixed 129 Sv/Evbrd(LEX1)/ C57BL/6 background and their corresponding wild-type littermates, generated through heterozygous breeding, were genoyped (backcrossed 3 times and on average 87.5% C57BL/6 mice; SI Text; Fig. S2 ) and used in locomotor activity, microdialysis, CPP, and alcohol consumption experiments. Outbred NMRI mice were used for studies of locomotor activity, microdialysis, and CPP testing. Alcohol consumption experiments, however, were performed on C57BL/6 mice. Details of surgical procedures and stereotaxic placements are given in the SI Text and Fig. S3 .
Drugs. Alcohol, diluted in saline (15% vol/vol), was injected i.p. at the dose of 1.75 g/kg (NMRI mice) or 1.0 g/kg (GHS-R1A mice and their littermates). Acylated ghrelin was administered i.c.v. at a dose of 1 or 2 g/mouse or bilaterally into the VTA or LDTg at a dose of 2 g/mouse 10 min before initiation of the experiment. The doses of the GHS-R1A antagonists, BIM28163 (5 g i.c.v.) or JMV2959 (6 mg/kg i.p.), were determined in dose-response studies (Fig. S4 and Fig. S5, respectively) . BIM28163 was administered 40 min and JMV2959 20 min before alcohol exposure.
Locomotor Activity Experiments. GHS-R1A knockout mice and their littermate controls were i.p. injected with alcohol or an equal volume of vehicle. In separate experiments NMRI mice were pretreated with BIM28163 (i.c.v.) or JMV2959 (i.p.) before alcohol injection (i.p.). Experiments with the following treatments were also conducted: vehicle-vehicle, vehicle-alcohol, or GHSR-1A antagonist-vehicle.
In Vivo Microdialysis and Dopamine Release Measurements. Mice were implanted unilaterally with a microdialysis probe positioned in the nucleus accumbens. For studies involving i.c.v. GHS-R1A antagonist administration, NMRI mice were also implanted with an ipsilateral guide cannula in the third ventricle. Perfusion samples were collected every 20 min and the first 4 were used as baseline. For GHS-R1A knockout mice, baseline samples were followed by an i.p. injection of vehicle and thereafter an alcohol injection. In subsequent experiments, NMRI mice were injected with an initial dose of alcohol (i.p.). Eight perfusion samples later, BIM28163 (i.c.v.) or JMV2959 (i.p.) was administered, followd by a second i.p. injection of alcohol. Experiments with the following treatments were also conducted: vehicle-GHS-R1A antagonistvehicle, alcohol-vehicle-alcohol, or alcohol-vehicle-vehicle.
Conditioned Place Preference. CPP tests were performed in both NMRI mice (GHS-R1A antagonist studies) and also in GHS-R1A knockout mice and their littermates. The procedure consisted of preconditioning on day 1 (in which mice were i.p. injected with vehicle and initial place preference determined during 20 min), conditioning on days 2-5 (in which the least preferred compartment was paired with alcohol injection), and postconditioning on day 6 (in which the preference for the alcohol paired compartment was assessed during 20 min). Before the test session NMRI mice were acutely injected with either of the 2 GHS-R1A antagonists (BIM28163 i.c.v. or JMV2959 i.p.) or vehicle, whereas the GHS-R1A knockout mice were untreated this day. In a separate series of experiments, the GHS-R1A antagonist (JMV2959, i.p.) or vehicle was administered before alcohol injection on each conditioning day and the NMRI mice were untreated on the test day.
Alcohol Consumption in C57BL/6 Mice and GHS-R1A Knockout Mice. After a period of habituation to alcohol (over 9 weeks, see SI Text) a limited access paradigm was introduced for 2 weeks (i.e., 90 min of alcohol access per day for 2 weeks). Guide cannulae were positioned 4 days before treatment. For i.c.v. studies, the mice received either drug (ghrelin or BIM28163) or vehicle on day 1 and the reverse treatment on day 2, according to a balanced design. For bilateral injection studies (to VTA or LDTg) mice were injected with either ghrelin or vehicle solution and group comparisons were made, because of experimental limitations of repeated intranuclear injection via bilateral cannulae. For JMV2959, a modified alcohol consumption protocol was used in which JMV2959 or vehicle were i.p. injected daily for 5 days and, because of altered ethical permission, water was available ad libitum.
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